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After publication and distribution of the document listed above itwas
 
observed that the numerical values of the Normal Shock Reynolds Numbers
 
flagged on the h/href vs. a plots were incorrectly labeled. Although the
 
flagged values were correct with respect to time anda the freestream values
 
instead of the normal shock values were printed. The analyst can obtain the
 
correct value for wind tunnel conditions by multiplying the stated values by
 
0.1121 or by using the values shown in the following table. This error is
 
consistent for Volumes 2 through 6. The author regrets any inconvenience
 
this has caused for the serious researcher.
 
Correlation Between Free Stream and Normal Shock
 
Reynolds Numbers at Wind Tunnel Conditions
 
0.0175 Scale 107 Ft. Length 107 Ft. Lenqth
 
X 106
Re /ft X 106 Re ReNS X105
 
0.50 0.936 1.050
 
1.00 1.873 2.099
 
1.50 2.809 3.149
 
2.00 3.745 4.198
 
2.50 4.681 5.248
 
3.00 5.618 6.297
 
3.50 6.554 7.347
 
3.70 6.928 7.767
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DISCUSSION:
 
Over 2,000 design flight instruments (DFI) were installed on Columbia with the
 
majority of the DFI flight data recorded during ascent and entry (Ref. 1).
 
Additional real-time instrumentation was used to continuously monitor the thermal
 
subsystems during each flight. Successful completion of the first five flights
 
of the Space Shuttle Orbiter has provided sufficient data from radiometers,
 
thermocouples, and pressure transducers to appraise the aerothermodynamic/TPS
 
performance.
 
The entry heating presented in this report is restricted to the Windward Lower
 
Surface Centerline, see Fig. 1. A tabulation of the orbiter X, Y, Z coordinates
 
for each instrument can be found in Table I. The identification of centerline
 
tiles which were catalyticly coated for each flight is shown in Table II. This
 
data is presented in two Appendices:
 
Appendix A: Correleation Parameters
 
Appendix B: Flight Data
 
As an aid to the reader, the page numbers for the specific correlation parameters
 
and flight data for each Appendix can be found in Tables III and IV.
 
The surface heating and temperature data presented in this volumd is based on the
 
thermal analysis at each individual location via the JSC NONLIN/INVERSE computer
 
program Ref. 2. Values of angle-of-attack and the derived free stream Mach number
 
were obtained from JSC/MPAD Best Estimated Trajectory (BET) data tapes for each
 
flight. The corresponding data values for Normal Shock Reynolds number (Ref. 3),
 
reference heating rate, reference film~coefficient, and total enthalpy were obtained
 
via the MINIVER computer program (Ref. 4). Values of h/h ref were computed using a
 
0.9 HT recovery enthalpy. The comparison of wind tunnel data (O.9HT) with flight
 
data for V09T9341A-(X/L=O.026) and V07T9492A (X/L=O.99) was obtained by linear
 
interpolation from X/L=O.02 and X/L=O.03, and X/L=O.975 and X/L=I.015 locations,
 
respectively. All other wind tunnel data was taken at X/L locations (+0.01)
 
corresponding to flight measurement locations.
 
I 
At the wind tunnel conditions, Mach%8, (Ref. 5) the Normal Shock Reynolds number
 
is .1121 times the Reynolds number based on freestream parameters.
 
All heating rates were calculated with a view factor Of 1. The surface emissivity
 
of all instruments was assumed to be 0.85. All heating rates compared to flight
 
parameters (a,M., and ReNs) are presented on a log scale with imposed limits of
 
10-3 < h/href < 1. No wind tunnel data is presented for those instruments on the
 
Body Flap since the Body Flap deflection varied during entry. In examining
 
V09T9751A (X/L=.95) the reader should be aware that the surface data was derived
 
from the second in depth thermocouple (0.30 inches from the surface) which is at
 
the limits of the NONLIN/INVERSE programs capability to back out surface phenonmena
 
for this material. This data thus appears noisy.
 
Entry heating data for other vehicle areas is presented in additional volumes.
 
Volume 1: An overview, see Ref. 6, contains the underlying assumptions, detailed
 
trajectory information, and pertinent information for the integration of all
 
subsequent volumes. Inorder to provide an adequate overview of the entry heating
 
volume 1 will be the last released publication in this series of reports.
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Fig. 1 Centerline Measurement Locations on the Windward Lower Surface
 
TABLE I 
CENTERLINE COORDINATES 
MID X/L Xo Yo 
VO9T9341A+ 0.026 268.0 1.2 
V07T9452A 0.099 361.7 -4.9 
T9462A 0.141 416.5 0.0 
T9463A 0.164 433.5 0.0 
T9464A 0.196 486.5 -6.6 
V09T9381A+ 0.257 565.0 -4.2 
T9421A+ 0.288 604.7 -8.4 
V07T9468A 0.299 618.9 0.0 
T9471A 0.404 754.7 0.0 
V09T9521A+ 0.501 878.9 -12.8 
V07T9478A 0.598 1,003.8 0.0 
T9481A 0.695 1,128.0 0.0 
T9487A 0.802 1,265.0 0.0 
V09T9761A+ 0.811 1,276.5 -38.2 
V07T9489A 0.900 1,391.5 0.0 
V09T9751A+ 0.952 1,458.2 0.0 
V07T9492A 0.993 1,511.1 1.3 
T9500A 1.018 1,543.4 0.0 
T9502A 1.03 1,560.3 0.0 
'T9504A 1.069 1,608.4 0.0 
+ Plug instrumented 
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TABLE II
 
Catalytic Tiles for Difference Flights*
 
MID X/L Flight which the tile was catalytic
 
V07T9452A 0.10 STS-4 STS-5
 
9463 0.16 STS-2 STS-5
 
9464 0.20 STS-4 STS-5
 
9468 0.30 STS-3 STS-4 STS-5
 
9471 0.40 STS-2 STS-3 STS-4 STS-5
 
9478 0.60 STS-5
 
*This was a -EX catalytic experiment conducted by Dave Stewart, AMES
 
Research Center.
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TABLE III
 ORIGNAL PAGE 
PAGE NUMBERS FOR APPENDIX A: OF POOR QUALITY 
CORRELATION PARAMETERS 
STS - Flight 
Flight Parameter STS-1 STS-2 STS-3 STS-4 STS-5 
a vs t 1 2 3 4 5 
M. vs t 6 7 8 9 10 
Rens vs t 11 12 13 14 15 
a vs M. 16 17 18 19 20 
a vs ReNs 21 22 23 24 25 
M. vs ReNs 26 27 28 29 30 
qref vs t 31 32 33 34 35 
qref vs a 36 37 38 39 40 
qref vs Mo 41 42 43 44 45 
qref vs Reds 46 47 48 49 50 
href vs t 51 52 53 54 55 
href vs a 56 57 58 59 60 
href vs M. 61 62 63 64 65 
href vs ReNs 66 67 68 69 70 
7
 
ORIGINAL PAGE IS 
OF POOR QUALITY 
Table IV - Page Numbers for Appendix B: Flight Data
 
STS - Flight 
Measurement 	 STS-l STS-2 STS-3 STS-4 STS-5
 
V09T9341A - h/hef vs a 1 	 3 4 5
hrerF 2 
-h/h vs M. 6 7 8 9 10 
- h/href vs Re 11 12 13 14 1 
vs t 16 17 1 19 20 
- onv 0 24-Tn vs t 21 22 23 	 25
s 
V07T9452A 	- h/hrf vs a 26 27 28 29 30
 
-h/h vs M 31 32 33 34 35
 
-h/href vs ReNS 36 37 33 39 40
 
fconv 41 	 A3 44 45vs 42 

vs t 46 47 48 49 50
s 
V07T9462A- h/h f vs a 31 n/a 52 53 5A
-h/hre_

/hf vs M. 55 n/a 56 57 58 
- h/hr f vs Re 59 n/a 60 61 62 
ref vs t 63 n/a 64 65 66 
T vs t 67 n/a 68 69 70 
s 
V07T9463A- h/h vs a 71 72 73 84 75
 
-h/href vs M. 76 77 78 79 80
 
h/href s Re 81 32 "S80 35
tNS 83 84 
ref vs t 86 87 89 90 
s vs t 91 92 93 94 95 
V07T9464A- h/he f vs a 96 97 98 99 100 
- h/hre vs M. 101 102 103 104 105 
- /hre f vs Re 106 107 108 109 110 
, ref t NS 111 112 113 114 115 
Tcofv vs t 116 117 118 119 120S 
V09T9381A_ h/h vs a 121 122 123 124 125
 
- h/href vs M 126 127 128 129 130
 
- h/href vs Re 131 132 133 134 135 
c ref vs t NS 136 137 130 139 140
 
TCOfv vs t 141 142 143 144 145
 
s 
8
 
opJGINAL PAGE 09 
OF poorj QUALITY Table IV - Continued 
STS - Flight 
Measurement STS-l STS-2 STS-3 STS-4 STS-5 
V09T9421A ­ h/h vs a n/a 146 147 n/a n/a 
- h/href vs M. n/a 148 1A9 n/a n/a 
- ref vsre ReNS n/a 150 151 n/a n/a 
i conv 
s 
vs 
vs 
t 
t 
n/a
n/a 
152 
154 
153 
155 
n/a
n/a 
n/a
n/a 
V07T9460A ­ h/hlref vs a 156 157 15n 159 160 
- h/href vs M. 161 162 163 164 165 
- ref vs Re.S 166 167 160 169 170 
- qconV 
Ts 
vs 
vs 
t 
t 
171 
176 
172 
177 
173 
173 
174 
179 
175 
130 
V07T9471A ­ h/h f reT1 vs a 181 132 183 18A 185 
/href vs M. 186 137 133 189 190 
h/hrefhref/vs 
T 
'10e­
vs 
vs t 
N 19i 
196 
201 
192 
197 
202 
193 
193 
203 
194 
199 
204 
195 
200 
205 
V09T9521A ­ h/h vs a 206 207 203 209 210 
- h/hre
-h/h 
r t 
- ref 
vs 
vs 
M. 
ReNs 
211 
216 
212 
217 
213 
213 
-214 
219 
215 
220 
-onvTson 
vs 
vs 
tt 221226' 222227 223223 224229 225230 
V07T9478A ­ h/hre f vs a n/a 231 232 233 234 
- h/hr - vs M. n/a 235 236 237 238 
- hhref"ref s RtNS26 n/a 239 240 241 242 
- Icon 
-
vs 
vs 
t t n/an/a 243247 244248 245249 246250 
V07T9481A ­ h/hr vs a 251 252 253 254 255 
- h/href 
-h/hrefh/ref 
-convTs 
vs 
vs 
vs 
vs 
M 
RwN 
Re 
t t 
256 
261 
266271 
257 
262 
267272 
258 
263 
263273 
259 
264 
269274 
260 
265 
270275 
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ORIGINAL PAGi 9
 
OF POOR QUALITY
 
Table IV - Continued
 
STS - Flight
 
Measurement STS-1 STS-2 STS-3 STS-4 STS-5
 
V07T9487A - h/h vs a 276 277 273 279 280
 
- h/href vs M 231 282 233 234 285
 
- h/href vs Re 286 237 238 209 290
 
qconv vs t 291 292 293 294 295
 
Ts vs t 296 297 298 299 300
 
V09T9761A - h/h vs a 303 302 303 304 305
 
- h/hre vs M. 306 307 303 309 310
 
- h/href vs Re 311 312 313 314 315
 
- rt NS 316 317 310 319 320
 
Ts fV vs t 321 322 323 324 325
S
 
vs a 326 327 320 329 330
V07T9489A - h/h
hhref vs M. 331 332 333 334 335
 
- h/href vs Re 336 337 338 339 340
 
- ref vs t NS 31 342 343 344 345
 
TC fV vs t 346 347 340 349 350
 
s 
V09T9751A - h/href vs a 351 352 353 356 355
 
- h/hf vs M. 356 357 353 359 360
 
- h/hf vs Re 361 362 353 364 365
 
ref vs t 366 367 369
363 370
 
Ts vs t 371 372 373 374 375
 
V07T9492A - h/h e vs a 376 377 378 379 380
 
- href vs M 381 382 383 384 385
 
- h/href vs Re 386 387 388 3H9 390
 
ref vs NS 
 391 392 393 394 395
 
- vs t 396 397 398 399 400
s 
V07T9500A - h/hre vs a 401 402 A03 404 405
 
- href vs M. 406 407 408 409 410
 
- h/href vs Re 411 412 413 414 415

ref vs NS 416 417 418 419 420
 
- vs t 421 422 423 424 425
 
s 
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ORIGINAL PAQt t 

OF POOR QUALITY
 
Measurement 

V07T9502A ­ h/h vs 
- h/href
h/href
ref 
vs 
vs 
vs 
-
Ts 
vsvs 
V07T9504A - h/h e vs 
- h/href vs 
- ref vs 
- %Conv vs 
Ts vs 

Table IV -

STS-I 

a 426 
M 431 
Re 436 
441 
tv
t 446 

a 451 
M. 456 

ReNS 461 

466 

t 471 

Continued
 
STS -
STS-2 

A27 

432 

437 

442 

447 

452 

457 

162 

467 

472 

Flight
 
STS-3 STS-4 STS-5
 
428 429 - 430 
433 434 435 
433 439 440 
4431 444 405 
448 449 4'O 
453 454 455 
458 459 A60 
463 464 465 
468 469 470 
473 47e 475 
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APPENDIX A -

CORRELATION PARAMETERS
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